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THE lesions of bubonic plague and of plague produced experimentally 
have been fairly fully described, especially with regard to the naked- 
eye appearances of the lymphatic glands, lungs, liver, kidney, spleen, 
and heart ; but it was not until comparatively recently, in the outbreak 
of the great pneumonic plague in Manchuria, that an opportunity 
occurred of studying at all fully the histology of the lesions met with 
is this latter condition. Since this outbreak, however, a number of 
observers working in the plague field, or on material supplied by these 
workers, have dealt somewhat fully with the pathological anatomy and 
histology of primary and secondary pneumonic plaguo, and have made 
no slight contribution to the hitherto scanty literature of the subject. 
Our material is from patients who succumbed to pneumonic plague 
in the Manchurian epidemic. At first, the lesions of the heart and 
liver attracted our attention as most requiring investigation ; but later 
we determined to examine the whole of the material a t  our command, 
and we now describe it in the following order-lung, bronchial glands, 
heart muscle, liver, spleen, and kidney. 
We make no attempt to generalise aa to the types of lesions met 
with in pneumonic plague patients, but offer a note of the actual con- 
ditions seen in material prepared in Manchuria and examined at  
Cambridge, and of tho= naked-eye appearances only that are presented 
in small pieces of tissue transmitted to Cambridge. We then compare 
our findings with those of certain other observers. 
The material available for examination consisted of a fragment of 
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heart muscle from a case of pneumonic plague ; a fragment of liver from 
a case, possibly, but not necessarily, the same as the above ; and pieces 
of well-preserved lung, bronchial glands, spleen, liver, and kidney tissue 
from a second (or tbird) case. It is impossible to say much concerning 
the naked-eye appearances of the solid organs, of which only small 
pieces, fixed and hardened in formalin and formol glycerin, are avail- 
able ; but a few points of interest are noted, as each organ is dealt with. 
We think it well, however, before dealing with our own material, 
to give a short account of the appearances described by different 
investigators, as considerable differences of opinion exist amongst 
them as to  the exact nature of the lesions-particularly of the lesions 
found in the lung-in cases of pneumonic plague. 
Lma.--Wilm (1897 2’3) examined the lungs from a number of his Hong- 
Kong cases in 1896. Intense congestion, cademu, and well-niarked infiltration 
were found in the lower lobe in five cases, cvidently pneumonic. The bronchi 
were usually unaltered, though in some there was congestion of the mucous 
membrane with a considerable quantity of mucus on the surface. 
Wyssokowitz and Zabolotny (189724) speak of the pneumonia as of a 
broncho-pneumonic type accompanied hy hronchitis, the foci in the primary 
plague pneumonia becoming numerous and confluent in the later stages, pro- 
ducing a lobar consolidation. They describe a secondary pneumonia, result- 
ing apparently from the extension of the disease from thc blood vessels. These 
observers never found the pneumonia occupying the whole lobe of a lung. In 
the small and medium-sized bronchi the mucous membrane was red and covered 
with greyish mucous fluid, sometimes stained with blood and ntixed with air. 
Yamngiwa (1897 25) describes a catarrhal pneumonic conditioii in the con- 
solidated patches of which the vessels are congested. Thc interalveolar septa 
are infiltrated with red blood corpuscles and leucocytes, similar cells filling 
innny of the alveoli, in which filaments of fibrin nnd degenerating alveolar 
epithelium may also be seen. Almost purc cultures of plague bacilli may be 
found in the blood vessels and in the alveoli. 
Albrccht and Ghon (1899-1900 *) also desctibc primary plague pneumonia 
as a typical lobular or broncho-pneumonia, usually most marked in the posterior 
portion of the lung, the patches of consolidation sometimes becoming confluent, 
though areas of congested but air-retaining lung frequently lie between them. 
These authors draw attention to  the fact that the pleura over the consolidated 
areas may be slightly cloudy or deeply injected, that there may be numcrous 
small hsmorrhages, or-in this the condition differing essentially from an 
ordinary catarrhal pneumonia-the pleura may be covered with a layer of 
fibrinous lymph. They describe a very characteristic appearance of the septa 
of the alveoli, which become much broadened, appearing as a glistening 
homogeneous framework which stains well with eosin. I n  this network are a 
few cells or cell nuclei, and red blood corpuscles. They also note the dis- 
appearance of the interalveolar septa a t  certain points, and that the dilated 
bronchi contain blood-stained fluid in which enormous masses of bacilli are 
embedded; but they point out that fibrinous exudate is almost absent, only a 
few solitary fibrils or a very delicate network being seen a t  wide intervals. 
Childe (1898 5, draws attention to the intense congestion and cedematous 
condition of the lungs, to the congestion of the bronchial mucous membrane 
and the frothy watery fluid, sometimes blood-stained, that can be squeezed 
from the bronchi. H e  describes a number of pneumonic patches varying in 
size from that of a pea to that of an egg, light pink, red-grey, or deep blood-red 
in colour, solid and airless, rounded in shape and separated from the crcpihnt 
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lung by a distinct ring of engorgement. Those of the patches which were 
situated on the surface of the lung projected from the surface, whilst “the 
pleura over them was roughened and showed signs of early inflammation.’’ 
He likens such patches to those of the first and second stages of ordinary 
lobular pneumonia. There was never any softening or breaking down. Some- 
times these pneumonic patches mere mnch larger and occupied a considerable 
part of the lobe. Petechial haemorrhages were sometimes present on the 
surface ; the “bronchial glands were either enlarged, swollen, osdematous, soft, 
and distinctly engorged,” or else about the normal size and only slightly 
engorged. I n  a section of the lung, the large blood vessels and the inter- 
alveolar capillaries between the pneutnonic areas are greatly engorged ; there 
are small hsmorrhages into the alveoli between which the engorged vessels run. 
He describes the pneuinonic areas very much in terms of a broncho- 
pneumonia, dividing it into three zones. In the outer of these, there is intense 
engorgement of all the blood vessels and capillaries in the walls of the alveoli, 
many of these alveoli being filled with blood. In some cases the alveolar 
septa are broken down and may be represented by mere shreds of tissue. I n  
an intermediate zone the alveoli are intact and are filled with well-stained cells, 
evidently catarrhal, whilst in the centre of each pneumonic: patch the alveoli 
are so stuffed with these cells that it is difficult to distinguish the outline of 
the alveolar walle. In  any or all of these zones, hemorrhages may be present. 
The intermediate zone usually contains, i n  addition to the catarrhal epithelium, 
a few leucocytes and red blood corpuscles, with now and again a few filaments 
of fibrin. In  the dense central area, catarrhal cells and leucocytes with some 
granular debris fill the alveoli. There is great congestion of the walls of the 
bronchial tubes and engorgement of the large veins, in the walls of which 
hemorrhages are seen ; and he states that “ blood and catarrhal cells may be 
seen in the finer bronchi, but the bronchial mucous membrane is scarcely 
altered, there being at most a little cellular proliferation. There are the appear- 
ances of acute pleurisy over those pnounionic areas which project upon the 
surface of the lung, with hsmorrhages beneath the pleura.” 
In  the “Report of the Indian Plague Commission” (1901 26) the following 
interesting passage occurs :-The lesions in primary pneumonic plague, “ when 
contrasted with those occurring in pestis major, . . . elsewhere than in the lunge, 
are less intense, while those in the lungs are more intense,’’ in which the large 
as well as the small blood vessels are intensely congested, and “ hsmorrhagic 
zones are seen scattered throughout the lung, filling the alveoli and often break- 
ing down their walls. Within the hsmorrhagic zones are areas in which the 
alveoli are completely filled with leucocytes, epithelial cells, and granular dkbris, 
constituting, with surrounding zones of haemorrhage, blood-congested areas of 
catarrhal pneumonia.” The Commissioners point out that the bronchi are en- 
gorged with blood and that catarrhal cells are found at the terminations of these 
paesages, and also that over the affected areas at the surface of the lung the 
pleura may be acutely inflamed. Agreeing with Major Evans (1901 8), Captain 
Elphick (1901 ’), and Major Jones (1901 26), they consider that croupous or 
lobar pneumonia is the form that occurs most frequently. The pneumonia is 
described as occurring in “ small detached patches constituting lobular areas 
only when the inflammation is not far advanced, but it is lobar to the extent 
of involving a whole lobe or the greater part of a lobe, when the lung inflam- 
mation has advanced further.” Or, again, several cases are described ‘(in 
which individual lobes or even an entire lung was consolidated.’’ The Com- 
missioners also lay stress on the fact that in many cases only slight changes 
were found in the bronchi, and they suggest “ that the pneumonia is lobular in 
patients who have died at an early stage of the disease, and lobar in those that 
have survived to a later period ; or, otherwise, that lobar pneumonia occurs 
when the toxin is most virulent and most widely distributed throughout the 
lung, and lobular pneumonia when it is less virulent and less widely diffused.” 
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Hassan Hamdi (1904 Is), describing primary plague pneumonia, follows 
Yamagiwa pretty closely, but points out that the alveolar epithelium even 
when desquamated, contains in its substance red and white corpuscles and 
plague bacilli, whilst vacuoles can be seen in their protoplasm. Only a few 
isolated strands of fibrin can be seen in the alveolar contents. Bacilli may 
be found in the interalveolar septa and in the alveolar cavity. Where the 
bacilli are numerous, the alveolar epithelium appears to be disintegrated, the 
mononuclear and polynuclear cells usually being collected in the centre of the 
alveoli, where they are often surrounded by a ring or wreath of bacilli. Thc 
nuclei of tho leucocytes are broken down ; the interalveolar and interlobular 
septa are thickened, homogeneous, and contain few nuclei, though they may be 
infiltrated with bacilli and with small round cells. Later this infiltration 
becomes so marked that the vessels can scarcely be seen, and even the con- 
nective-tissue fibrils are obscured. The tnost advanced changes and the earliest 
may be seen almost side by side in the same lung. Tho larger vessels of the 
lung are distended and congested ; the tunica adveatitia, at  first cctlematous, 
later becomes infiltrated with leucocytes ant1 bacilli. No special changes appear 
in the tunica media, but in the connective-tissue layer of the tunica intima 
there is a round cell infiltration. In  many of these vessels the endothelium is 
detached or much swollen. Bacilli are comparatively few within the vessels ; 
in the capillaries a itumber of giant cells similar to those met with in tlie bone 
marrow are sometimes found. The larger lymphatics contain red and white 
blood corpuscles, but little fibrin ; their endothelial liuing cells may be swollen. 
The connective tissiie of the pleura, especially in the deeper layer, appears to 
be thickened and honiogcneous ; latcr it niay becoine infiltrated with colls antl 
there may be a laying down of fibrin and a wandering of leucocytes from the 
distendcd vesscls. The pleural layer of endothelial cells has sometimes dis- 
appeared. I n  the later stages of tile pneumonia, the lymphatics in the pleura 
may be filled with bacilli. This author describes secondary piieumonia its 
resulting from an extension of the discase from the blood vessels to the septa 
and t h e  alveoli. I n  these cases the blood vessels are distended antl filled with 
blood and the bacilli are very nunierous, far more so than in the primary cases. 
I n  tho alveolar septa the nuniber of leucocytes is comparatively small, but 
there are often many mast cells. I n  these cascs, too, the alveolar epithelium 
is usually desquamated, and the number of bacilli in the vessels may be so 
great that they form a kind of colourless clot; then, the walls of the vessel 
giving way, the bacilli make their way into the alveoli. The cademntous 
alveolar septa and alveoli contain numerous red blood corpuscles and bacilli, 
and resemble those in a hamorrhagic infarcted lung. They sometimes contain 
an albuminous fluid which, on coagulation, is homogeneous and transparent. 
I n  this fluid many bacilli, lying in groups or scattered singly bctween the 
cellular elements, are found. Numerous alveolar epithelial colls, swollen and 
multinucleated, may be found alongside leucocytes. This desquamation and 
swelling of the alveolar cells is so characteristic a feature in the secondary pneii- 
monias that, where it is marked, it may be accepted as almost pathognomonic. 
The desquamated vacuolated alveolar epithelium shows in its protoplasm 
ingested bacilli, leucocytes and red blood corpuscles, and pigmented granules. 
Strong (1912 eo), describing material taken from twenty-five autopsies, 
made within a few hours after death, notes that delicate fibrinous adhesions 
are often observed between the parietal and visceral pleura ; also puncti- 
form hsmorrhages, sometimes becoming confluent and forming larger dark red 
hamorrhagic patches, are seen. Fresh fibrinous pleurisy is present in every 
case, sometimes as a delicate reddish membrane. I n  other cases, the fibrin is 
“greyish, or greyish-white, and could be easily pulled from the surface of the 
lung ; rarcly, a gelatinous, mdematous exudate was present. In  two instances, 
the pleural cavity contained between 100 and 200 C.C. of blood-stained fluid, 
in which large numbers of plague bacilli wcrc present.” Therc are nu~neroiis 
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ecchymoses beneath the pleura and pneumonic infiltration and engorgement of 
some portion of the lung, these pneumonic areas being surrounded by zones of 
marked congestion and cedema, from which a large quantity of reddish serous 
fluid can be expressed. The pneumonic areas are either lobular or lobar in 
type, circular in outline or wedge-shaped. and are usually paler at the centre 
than at  the periphery. The mucous membrane of the bronchi is deeply con- 
gested. The broncho-pneumonic area contain no air, cut sections have a harsh, 
dry, and sometimes granular appearance, and no mucous plugs can be expressed 
from the bronchi. An “entire lobe in a state of grey hepatisation such as is 
frequently found in ordinary croupous pneumonia due to the Diplococezcs 
21neu~1zonim” is never met with, probably because the patient dies before this 
stage is reached. In  one lung, patches of lobular consolidation are noted, 
while in another a whole lobe is involved. In the bronchi is a red, frothy, 
bloody serous fluid, or a reddish mucous exudate ; it is always blood-stained 
and often contains plague bacilli. 
In  a later paper, Strong, in. conjunction with Crowell and Teague (1912 21), 
gives a somewhat fuller account of the histology of this condition. I n  no case 
examined were the lungs free froni pathological change, bacteria occurring in 
enormous numbers especially about the bronchioles in the earliest cases, in the 
peribronchial lymph spaces, and in the adjoining alveoli. They frequently 
form masses completely encircling the bronchiole and are present in large 
numbers in the interlobular septa beneath the pleura, following very closely 
the distribution of the carbon pigment present in such large quantities in these 
lungs. In  the cases that succumb quickly, few bacilli arc found in the blood, 
and although the alveoli contain bacilli, the lining epithelium is, as yet, but 
slightly altered. The blood vessels and capillaries are widely distended, are 
sometimes ruptnred, and smaller haemorrhages may be seen around them. 
There is catarrhal inflammation of the smaller bronchi and bronchioles, 
swelling and some desquamation of the epithelium, and a few red blood 
corpuscles and leucocytes may be found amongst the epithelium and in the 
lumen of the bronchioles. On the surface, mucus and large numbers of 
bacilli may bc found. In this early stage the alveoli mag be almost filled 
with bacilli and contain a few desquamated epithelial cells, serum, and an 
occasional leucocyte or red blood cell. In  the later stages, a large number 
of lcucocytcs and red blood corpuscles are found in the alveoli, the red corpuscles 
always preponderating, though the leucocy tes, both polymorpho-nuclear and 
mononuclear, become more numerous as the disease advances. Few, if any, 
eosinophil cells are met with. Therc is fragmentation of the nuclei of these 
leucocytes. The leucocytes when seen under high magnification are very fre- 
quently surrounded by a clear zone. Phagocytosis was seldom observed. Strong 
comments upon the absence of fibrin from the exudate in most cases, and 
maintains that, when present, it is found in small quantities only. In  the later 
stages of the disease, the bacilli are very numerous, especially in the medium- 
sized vessels, in the lymphatics of the deep lager of the pleura, and in the 
fibrinous exudate which always covers the pleura over the consolidated areas. 
The mucous membrane of the bronchi is intensely congested and thrown 
into a series of longitudinal folds. 
Dr. Akira Fujinami (1912 11) made twenty-nine autopsies in Manchuria, 
three of them on animals. He considers that intense congestion and great oedema 
of the lungs characterised the pneumonia in his cases, and preceded a form of 
hepatisation which is peculiar to plague. The lung is harder to cut, but not very 
compact ; the surface of a section is not so granular as in ordinary croupous 
pneumonia, and the consolidation is very patchy, sometimes dark red, sometimes 
greyish-red or greyish, yellowish-red ; the red tinge is seldom absent. In  some 
cases there are no well-developed areas of local hepatisation ; the lungs simply 
look congested. Any part of the lung may be affected, but the consolidation was 
noted most often in the right upper lobe, then in the left upper lobe and the 
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lower lobe. I n  only onc case was the right middle lobe the special seat of 
the hepatisation. On histological examination, hyperemia of the blood vessels 
and capillaries of the lung is observed ; serous fluid, numerous leucocytes and 
red blood corpuscles, and desquamated epithelial cells in variable quantity are 
present in the alveoli of the hepatised area. Fibrin threads withiii the alveoli 
are rare or almost absent, and in the non-hepatised areas an odematous fluid 
containing a few leucocytes may fill the alveoli. Plague bacilli are numerous 
in the alveoli, not only in the hepatised areas, but even where therc is no 
inflammatory cellular exudation. Bacilli also occur in and around the blood 
vessels and bronchial walls, in the perivascular and perihronchial lymphatics, 
and in the subpleural tissue. Single bacilli or small colonies arc seen in thc 
blood vessels, whilst other organisms sometimes acconipany the plague bacilli. 
This author, with Strong, describes a fibrinous membrane covering the pleura, 
especially over the hepatised areas. 
Dr. Koulecha (191214) describes twenty-eight cases, and speaks of a true 
fibrinous lobar or pleuro-pneumonia, the pleura always being covered with a 
fine fibrinous layer, although, as he admits, there is a lack of fibrin in the 
exudate into the alveoli, this exudate consisting of a serous fluid in which a 
variable number of rod blood corpuscles and leucocytes appear, the proportion 
of those different corpuscles dotermining to somc extent the depth of the 
colour of the pneumonic patch. The desquamatioii of the epithelium of the 
alveoli is not a marked feature, and the exudatc is not catarrhal in character. 
This exudate contains an enormous number of plague bacilli, which also 
accumulate both in  the perivascular lymphatics and in the blood vessels, 
whence, with their products, they pass from the blood vessels into the alveoli 
of the lung. 
Signorelli (1913 19) set out to ascertain whether in plague the pneumonia is 
fibrinous, or of the catarrhd type. Hc quotes Lustig and Galeotti (1897- 
1901 16) and Galeotti (190012), as able to produce intravascular coagulation by 
means of injections of the endotoxin or protein of Bacillus peatis. The so- 
called nucleo-proteids of pltigue injected into animals in suitable doses 
reproduce, they say, functional and histological changes similar to those that 
follow an ordinary infection. Federici (1898 O), injecting these substances 
through the wall of the thorax of the rat or thc rabbit into the substance of 
the lung, found that they set up great congestion of thc iiiteralveolar capillaries 
and damage and slight proliferation of the endotheliuni lining the alveoli ; but 
he describes no increase of fibrin. Galcotti, injecting frogs with the same 
material, into the lung substance as above, a i d  guinea-pigs by the trachea, 
observed numerous hamorrhages and fibrinous clots in the alveoli. Examining 
the lung from a case of primary piieumonic plague, sent from Mukden, 
Signorelli found, however, that in the dilated alveoli cells of various types 
were embedded in a network formed of delicate threads of fibrin. I n  thc 
alveoli the epithelium is markedly disintegrated, though a few swollen cells 
with feebly staining nuclei adhere to the alvcolar wall ; and he insists that the 
alveolar content is only partly fibrinoua, that the meshes in the nctwork of 
fibriii are large, and that the cclls occupying them are crowded together and of 
various types-lymphocytes, large mononuclear cells, and polymorpho-nuclear 
leucocytes, the latter few in number. Many of the large cells have a feebly 
staining protoplasm and a swollen vacuolated-looking nucleus. I n  the 
polymorpho-nuclear C d l R  the nucleus is often undergoing pyknotic changes. 
hiany of the large monouuclear cells are loaded with blood pigment ; the ex- 
foliated and degenerated epithelial cells of the alveolus may often be see11 fairly 
distinctly. The bacilli are scattered in the alveoli between the cells of the 
exudate, rarely within them, phagocytosis, as far as the bacilli are concerned, 
being ill-marked. Here and there are well-defined groups of bacilli lying free 
between the cells, and around them a few fibrin filaments may be secn. One 
of the chief points noticed is the rapid desquaniation of the alveolar epithelium, 
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sometimes before it haa time to proliferate. An important feature in all the 
preparations examined by Signorelli is rupture of the thrombosed and fragile 
capillaries, and consequent breaking down of the alveolar septa. In some casea 
the bacilli appear to be multiplying, not only in the alveoli, but also in the 
lyniphatics of the lung tissue as well as in the blood vessels. Signorelli 
carried out a series of experiments on dogs, injecting the lungs with plague 
toxin or the nucleo-proteid of the plague bacillus, and showed that it produced 
localised areas of inflammation, diffuse hyperaemia around these areas, and, 
usually, well-marked cedema of the pulmonary tissue ; the vacuolated and degen- 
erating epithelium covering the alveoli in such artificial injections was often 
desquamated, although no living plague bacilli were present. He looks upon 
the lesious in pneumonic plague as the result of an inflammatory process with 
fibrinous oxudate, and localisation of the fibrin in the pulmonary capillaries, 
this being due to the toxic and coagulative action of the nucleo-proteid of plague 
bacilli ; and he lays it down that the thrombosis of the interalveolar capillariea 
is one of the factors which render pneumonic plague so serious. Sudden 
diminution of the respiratory area is produced by the blocking of the alveoli 
and of the capillaries, and this is accompanied by a rapid and intense intoxica- 
tion of the heart muscle; the toxin produced iii the lungs passing rapidly, 
directly, and in large quantities into thc chambers of the heart, and acting on 
the muscle adds to  the circulatory difficulties produced by the blocking of the 
pulmonary capillaries. 
It is evident from these descriptions that in plague we have to 
deal with at  least two types of pneumonia ; and from a careful study 
of the literature and of the material now under examination, we are 
satisfied that there are modifications even of these types. This we will 
consider, after we have given a description of our material, in which 
the following are the appearances presented :- 
LUNG. 
There is some slight opacity of the plcura, but on the surface of 
none of the pieces a t  our dispoeal is there even a trace of fibrinous 
lymph. At the pleural extremities of the trabeculae are deeply pig- 
mented patches, in which, however, there is little fibrous tissue forma- 
tion such as is usually associated with the presence of carbon pigment. 
In  most of the blocks, there are no hzemorrhages or petechiae either on 
the pleural surface or in the lung substance, but in one small piece 
three petechial hemorrhages about three-quarters of an inch apart 
may be seen at the margin of the lung,probablg a piece of the anterior 
border. Here and there are distinctly consolidated patches, some the 
size of a millet seed, some as large as a filbert, the latter predominating. 
Even from these areas a little air may be squeezed along with the pre- 
serving fluid, though the lung appears to be distinctly collapsed. As 
the pieces of lung are comparatively small, seldom more than 2 inches 
in length and 1 inch in breadth, it is impossible to determine the 
relative distribution of these patches. In one piece, apparently from 
the thin border near the base of the lung, the tissue has quite the 
normal spongy lung consistence, and large quantities of air are, on 
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pressure, squeezed out, along with the fluid. Some of the large 
branches of the pulmonary artery seen on the cut surface contain 
distinct coagula or thrombi; in the consolidated areas this is well- 
marked. A segment of the wall of a bronchus, about a quarter of an 
inch in diameter, is seen in one of the blocks. The mucous membrane, 
considerably congested, is thrown into folds, and is covered with a thin 
layer of slightly blood-stained mucus. 
Histological emmination of the lung.-At no point is there any 
evidence of a fibrinous pleurisy-there is no trace of fibrin on the 
surface-but a layer of well-preserved endothelial cells is seen either 
detached from the subjacent fibrous tissue or remaining in Situ on the 
surface of the pleura. This is evidence of the excellent state of pre- 
servation of the tissues, which must have been placed in the fixing 
solution almost immediately after the death of the patient. In 
these cells the chromatin network of the nucleus and a single or 
a double nucleolus are well seen ; the protoplasm is vacuolated. The 
fibro-elastic tissue of the pleura is slightly thickened. The lymph- 
atics and lymph spaces of the deep layer of the pleura are greatly 
distended with fluid or with dark brown or black granular pigment; 
the blood vessels are greatly congested. Beneath the pleura and 
near the surface of the lung are alternate areas of collapse and emphy- 
sema (Plate I. Fig. 1). In the interalveolar septa of the collapsed 
areas there is intense congestion of the capillaries and considerable 
thickening of the basement membrane on which the alveolar epithelium 
rests ; there is also some slight proliferation of the cells lying in the 
collapsed air vesicles ; some of these proliferating cells contain brown 
pigment (Plate I. Fig. 5). Around the blood-vessels, large and snia11, 
in the lymphatics of the deep layers of the pleura, in the peri- 
bronchial lymphatics, and in the lyiiiphatics of the fibrous trabeculae, 
brown and black granular pigment may be seen in considerable 
quantities. In the depth of the lung the patches of collapsed alveoli 
are even more distinctly marked than immediately under the pleura. 
Here the catarrhal pigmented cells are very numerous and the vessels 
are greatly congested. From the congested blood vessels red blood 
corpuscles have escaped into the collapsed alveolar spaces. The swollen 
basement membrane-the fenestration of which is evident-of the walls 
of the alveoli looks as though it had absorbed a considerable amount of 
fluid. In areas where the collapse is not marked the air vesicles are dis- 
tended with a coagulated alburuiuous fluid usually almost homogeneous, 
sometimes filled with little vacuoles (Plate I. Fig. 5) ,  or again, but 
rarely, containing a few delicate threads of fibrin. Leucocytes, accom- 
panied or not by a few red blood corpuscles, may be seen lying free in 
these alveolar spaces, but there is no characteristic fibrinous lymph 
coagulum with white and red corpuscles such as is usually met with in 
the red hepatisation of the lung in lobar pneumonia. The process is 
rather one of intense congestion, collapse, and slight proliferation of 
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epithelium and degeneration with marked edema. Away from the 
pleura and from the collapsed patches large numbers of catarrhal cells, 
many of them containing carbon pigment, are seen in the alveolar 
spaces. In few of the pneumonic patches can traces of any granular 
fibrin be demonstrated by Weigert’s fibrin stain. Lying in the delicate 
granular network, when present, there may be a number of mono- 
nucleated epithelial cells (Plate I. Figs. 1 and 3) which appear to be 
derived by a catarrhal proliferative process from the epithelium lining 
the alveoli. In a few of the small collections of fibrin there is com- 
mencing inucoid change. Throughout our sections of the lung there is 
evidence of an edematous condition-vacuolation of the cells, swelling 
and separation of fibres, and opening up of lymph spaces. 
The consolidation of the lung tissue is very patchy, but where the 
alveoli are not collapsed or filled with proliferated epithelial cells 
they contain a hyaline albnminous fluid-evidence of an edematous 
condition (Plate I. Fig. 1, Plate 111. Fig. 10). In the alveoli in which 
this is most marked the plague bacilli are also most numerous. In 
the capillaries between the alveoli the walls are distinctly thickened 
and hyaline, there is often evidence of great activity of the nuclei, 
marked thickening of the bodies of the endothelial cells, and, along 
with this, thickening of the delicate collagenous tissue-basement 
membrans-on which these cells lie. Many of the capillaries are 
ruptured. Dark brown and black pigment of the same character as 
that described as occurring in the bronchial glands is present in the 
lymphatics of the interlobular septa, whilst a number of small, fibroid 
nodules with deeply pigmented area, in which axe few connective 
tissue or other cells, are scattered throughout the section and are 
evidently the result of chronic irritation set up by iiihaled carbon and 
dust particles. This, though a chronic condition, is apparently pro- 
gressive. There is distinct pigmentation of the large and other fibrous 
septa, and of the perivascular and peribronchial tissue. 
The appearances presented in the larger bronchi are interesting 
(Plate 111. Fig. 9). Here and there the lining epithelium has almost 
disappeared, apparently by a process of rapid desquamation, from the 
basement membrane, which is swollen, homogeneous, and hyaline- 
looking. Elsewhere, in place of desquamation, there is marked pro- 
liferation of the epithelial cells similar to that described by Hamilton 
as occurring in acute bronchitis and giving rise to the presence of 
numerous oval, “ peg-top-shaped,” aud rounded cells (Plate I. Fig. 2). 
The miicosa of the bronchus is thrown into folds through contraction 
of the peribronchial muscle. In some of the bronchi the columnar 
epithelial cells are distinctly more “ goblet ” in character than usual, 
the nucleus being pushed to one side and large droplets of mucus 
filling up the body of the cell. Sometimes the droplets of mucus 
have not run together, but form a kind of foamy mass within the 
cytoplasm. On the basement membrane on which the columnar cells 
10 W U  LIEN-TEH AND G. SIMS WOODHEAD. 
appear to rest may be seen flattened cells not forming a continuous 
layer but occurring at  intervals; in these cells the nuclei are more 
solid than are those of the other epithelial cells, which are distinctly 
vesicular, with a network of chromatin at  the margin. In some of the 
larger branches of the bronchi smooth or slightly granular albuminous 
material may fill up ,the whole lumen. Beneath such a clot the 
epithelium is almost intact, but seems to be throwing off large 
quantities of mucus from the large goblet cells. Debove’s layer is also 
well seen, the basement membrane beneath being much swollen. 
There is slight cellular accumulation at  certain points beneath the base- 
ment membrane. The pigment contained in the large cells and in the 
lymphitic spaces in the wall of the broiichus has evidently entered by 
way of the alveoli. 
The thickened basement membrane in the acutely inflamed larger 
bronchi is very well brought out in the hEmatein and van Gieson 
stained specimen. The columnar and pear-shaped cells usually 
associated with an acute bronchitis are also specially well defined, 
though the superficial layer of cells has, in some instances, been 
completely removed. The thickened basement membrane seems to 
form an almost impenetrable layer, though the distended vessels 
beneath come very close to its under surface. The vessels in the sub- 
mucosa are greatly engorged. In some of the smaller bronchi the 
epithelium is well formed and almost intact, large globulea of mucin 
which have absorbed fluid distending some of the cells. 
The peribronchial lymph spaces contain much albuminous fluid 
(Plate I. Fig. 2). This same fluid has given rise to  great thickening 
of the walls of the alveoli in the immediate neighbourhood of the 
bronchus. Around the smaller bronchi are localised accumulations of 
lymphocytes and polymorpho-nuclear leucocytes, evidently called up 
chemiotactically. 
In  the bronchi the B. pestis sometimes forms a regular layer on 
the surface of the epithelium, almost pure cultures being seen in the 
mucus covering them. They are found iisually near the siirface, but here 
and there they appear to penetrate between the cells and down to the 
swollen basement membrane, which however forms a distinct barrier 
between the surface and the deepcr connective tissue of the wall of 
the bronchus, and we cannot convince ourselves that there is a single 
bacillus in the substance of this basement membrane, though in the 
vessels that come quite close to its under surface plague bacilli are 
easily demonstrated. They are also seen attached to, and even inside 
the endothelial cells lining the arterioles in the walls of the bronchus. 
Except in the large bronchi, where pure cultures of the bacillus may 
sometimes be seen, a comparatively small number of bacilli are met 
with in the respiratory area, though, as already noted, small groups 
may be seen in the alveoli. At certain points, however, near ,the 
clcdematous areas, the disintegration of the cells and their nuclei is 
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very marked, some of these cells being invaded by large numbers 
of bacilli, the breaking-down cell being replaced by a mass of them. 
Bacilli are also seen in the perialveolar lymph spaces, where they 
have evidently been carried by cells some of which also contain 
pigment. Here and there, what appears under the low power to be 
hyaline albumin, when examined under a higher magnification, is seen 
to consist of an almost pure culture of bacilli filling an alveolar 
space. Even in the collapsed alveolar spaces the plague bacilli are 
fairly numerous, most of them lying free, a few of them adherent to 
the large hyaline cells, but comparatively few being taken into the 
substance of the cells (Plate I. Fig. 1). In  the albuminous (aedematous) 
coagula, however, the large phagocytic cells with more numerous 
contained bacilli may be seen. 
I n  the larger branches of the pulmonary artery are well-formed 
blood thrombi, embedded in which are a number of hyaline mono- 
nuclear cells. In the muscle fibre of the walls of these vessels, swelling 
and vacuolation is very evident, whilst the endothelium lining the 
vessels is in a condition of cloudy swelling and is distinctly vacuolated. 
These endothelial cells usually stand out very distinctly. Bacilli are 
so numerous in some of the large vessels that masses of them may be 
seen under the low power looking like fibrinous clots. In  the thrombotic 
clot bacilli may be seen, sometimes along the margins, in others em- 
bedded in it. In a vessel where the former arrangement is evident 
the bacilli are attached to the endothelium and are attacking it, and 
may even have brought about its complete disintegration, leaving a 
roughened fibrillar surface into which the bacilli may be seen making 
their way between the bundles of connective tissue and muscle fibre. 
Bacilli are seen in the vasa vasorun~. They are certainly more numerous 
in the blood vessels than in any other position except perhaps in the 
bronchial secretion and in a few alveoli, especially those containing 
coagulated albumin and cells. To the clots where the bacilli are 
numerous many leucocytes have been attracted, but where the bacilli 
are few the clot is almost devoid of leucocytes. In some of the 
medium-sized and smaller vessels and in the iriteralveolar capillaries 
the bacilli in the ante-mortem clots may be so numerous that they can 
be demonstrated in the haematein and van Gieson stained preparations. 
The endothelium in the blood vessels is often in an advanced stage 
of cloudy swelling and may be the seat of a peculiar vacuolation, 
this, in 6ome instances, causing a great increase in their size. Pyknosis 
of the nucleus is often noted. Bacilli may also be seen in the congested 
vessels of the deep layer of the pleura and a few in the perivascular 
and other lymphatics in this position. It is noteworthy that wherever 
the plague bacilli are seen lying on or near a basement membrane this 
membrane is almost invariably swollen and markedly hyaline. I n  the 
pigmented fibrous tissue, bacilli may be seen in capillaries and also, 
though much more rarely, in the lymph spaces between the fibrous 
bundles. 
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In the congested in teralveolar capillaries, the outlines of red 
corpuscles can rarely be made out, the capillaries standing out as 
yellow homogeneous irregular lines from which sniall htxmorrhages 
are taking place into the surrounding alveoli. The interalveolar 
septa arc considerably thickened, this partly from swelling of the base- 
ment membrane of the alveolar wall and partly from thickening of 
the basement membrane of the walls of the capillary vessels (Plate I. 
Figs. 1 and 3 ) .  The epithelial cells lining the alveoli are usually 
undergoing some proliferation , leading, along with the collapse, to partial 
consolidation of small lobular areas, In these proliferating or catarrhal 
cells and in the epithelium lining the collapsed alveoli the nuclei are 
distinctly vesicular and the cytoplasm is vacuolated, but beyond this 
there may be no  evidence of degeneration. 
Hyaline cells with rounded and kidney-shaped nuclei may be seen 
in the alveolar spaces; some of these large cells contained ingested 
granules of black and brown pigment. In the alveoli and alveolar 
passages near the bronchi, in which there is an cedematous effusion, 
there is almost invariably a similar homogeneous exudate. 
In the blood vessels the phagocytic cells, especially the mono- 
nuclear cells, have taken up large numbers of plague bacilli (see Plate 
I. Fig. 4), but the alveolar epithelium (Plate I. Figs. 1 and 3) in 
the collapsed and catarrhal areas seems to have a certain slight power 
of ingesting even the B. pestis, and in some of the cells one or two 
bacilli have become enveloped in the cell protoplasm. Where the 
bacilli are numerous the nuclei both of leucocytes and epithelial cells 
take on a lighter stain, sometimes becoming distinctly vesicular or, again, 
undergoing pyknotic changes. 
Bronchial lynphatic $antls.-Thc macroscopic changes usually described 
in the bronchial glands of paticnta suffering from pneumonic plaguc are sonic- 
what indcfinite. 
Strong, Cronell, and Tesgue (1912 20. 21) lay stress on the point that the 
bronchial glands near the bifurcation of the trachea show more advanced 
changes than do bhose in any other position. They niaintain thih they are 
“always swollen, rich in blood, and frequently almost black in colour from the 
results of hsmorrhages.” Fujin:imi (191 1,1912 11) confirms this, and Kouleclia 
(1914 14) maintains that genuine buboes, enormously rich in bacilli, are found 
in these glands ; indeed, he maintains that t h y  are very like the glands met 
with in other positions in bubonic plaguc. He notes that the bronchial 
glands always contain enornious numbers of plague bacilli, are softened, 
greatly congested, a i d  embedded in cedematous tissue. 
Childc (1897, 1898, 19006) describes a siniilar condition in these glands, 
but he also notes, and in this he is corroboratctl by Yarnagiwa (1897 2b) a l ~ i  
Aoyama (1895 s), that these glands are not intensely affccted, whilst in some 
there may be no marked changes of any kind. 
The bronchial gland of the lung here examined is, undoubtedly, 
slightly enlarged and congested ; moreover, it is deeply pigmented, but 
to  the naked eye there is no evidence of hzmorrhage or of any of those 
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acute changes described by Childe (1 8 9 7, 18 9 8, 1 9  0 0) and by Strong, 
Crowell, and Teague (1 9 11, 1 9  12). 
On microscopic examination, the appearances presented are fairly 
characteristic. Immediately under the capsule, in the cortical sinuses, a 
comparatively small number of plague bacilli may be seen, some lying 
free ‘in the open network, others applied to the surface of the flattened 
endothelial cells lying on the swolIen strands of the adenoid reticulum. 
In thevessels of the gland, both large and small, as wits to be expected, 
bacilli may be seen either lying free in thelumen, eiribedcled in clot, or 
in coiitact Kith the endothelial lining. It is difiicult to say that they are 
coutained within the endothelial cells ; they look rather as though 
they are adherent to a viscid surface. Indeed, even the bacilli 
associated with their deeply pigmented cells appear in many cases t o  
be idherent to the surface, rather than to be taken into their substance. 
These bacilli are somewhat obscured by the presence of large qunn- 
tities of dark brown or black 
up by the endothelial cells lying on the swollen trabeculs of the 
adenoid reticulum. The swollen trabeculz look as though they have 
absorbed a considerable amount of fluid. Although there is fairly well- 
iiiarked congestion of the vascular tissue of the gland, there are no 
hsinorrhages, and there is certainly nothing of the nature of a bubo 
as described by certain observers. 
pigment, which has also been taken I 
HEART. 
Aoyania (1 895 3), Wilm (1897 25), Lustig arid Zardo (1897 li), Fujinami 
(1912 11), Strong, Crowell, and Teague (i911, 191220.21) all describe in 
more or less detail well-marked cloudy swelling of the muscle tissue of the 
wall of the heart. Aoyama, Wilm, Lustig and Zardo, Fujinami, and Flexner 
(1901 10) describe, in addition, fatty degenerution. On the other hand, Albrecht 
and Ghon (1899-1900) say that practically no change can be demonstrated 
microscopically, Hamdi (1904 18), Strong, Crowell, and Teague (191 1, 1912) 
observed or record no fatty degeneration of the fibres. Childe (1897, 1898, 
19005), Yamagiwa (1897 ?5), Fujinami aud Strong, Crowell, and Teiigoe (1911, 
1912) lay some stress on the “fragmentation” of the muscle fibres. Hamdi 
(1904), however, is apparently not dealing with acute plague infection; it is 
not remarkable to find, therefore, that he notes the presence in the myo- 
cardium of a series of indurated nodules composed of fibro-connective tissue. 
He guards himself, however, by pointing out that, as his specimens of muscle 
had been preserved in alcohol, he may be somewhat rash in stating that there 
is no cloudy swelling or fatty degeneration of the muscle. Childe (1897,1898, 
1900), who gives the most complete account of the heart muscle as found in  
these cases of acute plague, after pointing out that many of the patients die 
suddenly of heart failure, notes that under tho microscope some of the muscle 
fibres are well stained and distinctly striated, but that others stain very badly 
and that in them the striation is “faint or absent, and the muscle substance is 
swollen, broken up into irregular lumps, and of a shiuy, homogeneous appearance.” 
This condition, he maintains, is associated with dilatation of the heart, and the 
liver is often in the “ nutmeg ” condition \I lien examined post-mortem ; but 
from our examination of the liver tissue from which our drawings (Plate 
11. Figs. 6, ‘7, 8,) are made, we are inclined to the view that the appear- 
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ances presented in the liver in these cases are due to acute degeneration of the 
liver cells around the hepatic veins, and not to a chronic venous congestion. 
Strong, Crowell, itnd Teague (1911, 1912) find fragmentation of t!le fibres 
of the heart muscle a constant feature in all the cases they examined. There 
iR, then, considerable difference of opinion as to the exact lesions to he found 
in the heart muscle, but most observers describe dilatation of the right ventricle, 
especially of the conus (Fujinami), with thinning of its walls aid a condition 
of general cloudy swelling of the muscle fibres of the heart, sometimes with 
fairly well-marked fatty degeneration. Kpicardial ecchymoses are described by 
most of thcm, whilst only Strong, Crowell, and Teague note a well-marked 
mdema of the heart muscle, espccially in the neighbourhood of the frag- 
mented arew. 
I n  the fragment of heart muscle a t  our disposal, there appears 
to be some slight cedema of the connective tissue on the surface of the 
heart, and running between the muscle fibres of the substance of the 
wall. On the epicardial surfncc is a distinct hmnorrhage, the blood 
making its way along the lines of the connective tissue between thc 
small collections of epicardial fat. In the cdematous, imperfectly 
staining, epicardial tissue, and especially between the extravasated 
blood and the myocardium, are considerable accumulations of 
polymorpho-nuclear leucocytes, with here and there n few hyaline 
cells (Plate 11. Fig. 6). Bcneath these accumulations, the heart muscle 
is somewhat edematous-looking, the spaces between the bundles of 
muscle tissue being of considerable size, the musclc being, as it were, 
dissected into little bundles, between some of which h;eniorrhages extend 
along the lines of the delicate interfasciculnr connective tissue. At  
intervals, especially near the surface of the myocardium, are areas in 
which slight proliferation of the nuclei, either of the sheath of the 
muscle fibre or of the capillaries, appears to havc taken place. More- 
over, this same sheath is considerably swollen and stands out very 
prominently, forming n kind of yellow, picric-acid-stained network 
between the muscle fibrils (Plate 11. Fig. 7). It is difficult to dis- 
tinguish the outlines of the walls of the interfascicular capillaries, as 
thc red blood corpuscles appear to be “ laked ” and to have lost their 
outline. In many parts of the section, the transverse striation of the 
muscle fibre is greatly obscured. Here and there are seen vacuoles 
or collections of fluid actually within the muscle fibres, but no fat 
granules or globules can be distinguished. Where the muscle is least 
swollen, the transverse striation can still be made out, though there is 
marked cloudiness, but where the swelling is pronounced, the granu- 
larity is lost, and the muscle substance has become hyaline and 
highly refractive (Plate 11. Fig. 8). Here also it is undergoing distinct 
fragmentation, apparently the result of traction by the more healthy 
transversely striated fibres upon the swollen, hyaline, and granular 
fibres. The fractures in these hyaline masses usually extend right 
across the muscle, half a dozen of such fractures lying close together. 
The condition corresponds very closely to the “ vitreous degeneration ” 
so fully described by Zenker in the abdoniinnl muscles of patients 
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succumbing to malignant typhoid fever. Commencing multiplica- 
tion of the intermuscular endothelial cells may be made out very 
distinctly. Some of these proliferating endothelial cells are highly 
vacuolated, especially where there is other evidence of cedenia-ie., 
where the  I‘ dissection ” of the muscle shows up the cells distinctly. 
The basement membrane lying between the endothelial cell8 of the 
capillaries and the muscle cell i8 distinctly swollen, even where the 
yellow tinting is absent. 
LIVER. 
Most writers on the morbid anatomy and histology of plague describe small 
haemorrhages into the substance of the liver, especially just beneath, or into, 
Glisson’s capsule. All agree that engorgement of the hepatic vessels is a marked 
feature, but Childe (1897, 1898, 1900 5 )  states that eirgorgement, and hEmor- 
rhages generally, are not so marked in the liver of a patient dying from 
pneumonic plague as they are in the liver of those succunibing to the bubonic 
form of the disease. Yamagiwa (1897 25) and Wilm (1897 p3) mention that the 
central hepatic vein and the capillaries in the central zone of the lobule are 
distended with red blood corpuscles. Aoyama (1895 3, states that the inter- 
acinous vessels of the liver are, 21s a rule, markedly congcsted, whilst surround- 
ing these vessels and lying in the connective tissue are mmcs of round cells, 
sometimes in considerable numbers. Wilm (1897) describes the liver in 
these cases as usually large and firm, and the blood extravasations as varying 
considerably in size. He also points out that the boundaries of the lobules 
are often indistinct. Both these latter observers agree that, in a few cases 
where jaundice has been present during life, the liver may be greenish-yellow 
in colour, and that cloudy swelling of the hepatic cells is always a markcd 
feature, whilst Fujinami (1912*l), who ~vas able to prepare the tissues 
for the demonstration of fat, found that the parenchymal cells contain fat 
droplets when stained with sudan III. The cloudy swelling may be so far 
advanced that the nuclei become almost invisible. Hamdi (1904) ant1 Albrecht 
and Ghon (1899,1900) draw attention to the vacuolated, almost honeycombed, 
structure of the hepatic cells. They maintain that the vacuoles may contain 
fat, but are unable to demonstrate it in their specimens, as they have not been 
specially prepared. Most authors draw a distinction between pneumonic and 
bubonic plague, in that in the former the so-called abscesses are absent, whilst 
in bubonic plague they are said to nrise as the refiult of the impaction of emboli 
in branches of the hepatic artery (Albrecht and Ghon, 1899, 19001) or of the 
portal vein (Hamdi, 1904). Small necrotic areas surrounded by a haemor- 
rhagic zone are described by Albrecht and Ghon. In these areas large 
numbers of plague bacilli may be seen, especially in the necrosed centre; at 
the periphery of these foci are numerous polymorpho-nuclear leucocytes and 
red blood corpuscles. Hamdi (1904 lS) draws attention to the phagocytic 
activity of Kupffer’s cells and the cells lining the portal capillaries. Strong, 
Crowell, and Teague (1912 20.21) note that the small metastatic abscesses 
occasionally observed i n  bubonic plague were not encountered in either the 
liver or the kidney ” of cases succumbing to the pneumonic form of the disease. 
Plague bacilli and fowl-cholera-like bacilli, sometimes in large numbers, arc 
described by Aoyama (1895) as present in the inter- and intralobular tissue. 
The appearance of a section of the liver in which the most marked 
changes have taken place is, a t  the first glance, that  of chronic venous 
congestion (Plate 111. Fig. 11). The enormously distended central vein 
of the lobule is, however, always filled with blood in which are small 
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masses of coagulated fibrin, usually attached to the wall of the vein, 
which may be considerably thickened. Around the central vein and in 
an area corresponding to the central and intermediate zones, the capil- 
laries are greatly congested, and the liver cells are represented merely by 
imperfectly stained nuclei and extremely granular and vacuolated frag- 
ments of protoplasm (Plate 111. Fig. 12). Some of the vacuoles may 
represent fat globules, but they appear to be rather accumulations of 
clear albuminous fluid, or perhaps even glycogen. It is, however, 
impossible to determine this in the hardened tissue. The walls of the 
portal capillaries are somewhat swollen and stand out very distinctly, 
but neither in the walls of the hepatic vein nor in the walls of these 
capillaries, nor again in the remaining fragments of liver cells, are 
there any piginented granules such as we should expect to fiud were 
this a condition of chronic venous congestion (Plate 111. Fig. 12). 
The peripheral portions of the columns of liver cells stand out in marked 
contrast with the frngrnented liver cells of the central zones, with 
which, however, they are seen to be continuous. The whole picture, 
then, is that, not of a chronic venous congestion, but of an acute 
red atrophy. The hepatic cells a t  the periphery of the lobule are in 
a condition of extreme granularity and acute vacuolation, although 
there is no great increase in the actual size of the cells (Plate 111. 
Figs. 9, 12, and Plate IV. Fig. 13). The protoplasm of some cells may 
be simply granular ; in others highly vacuolated ; in others, again, the 
nucleus is surrounded by n ring of vacuoles which appears to separate 
it sharply from the granular protoplasm. In  this peripheral area 
there is very marked swelling of the cndothelial cells lining the capil- 
laries, their nuclei are very distinct, and their protoplasm stnnds out 
with great sharpness (Plate IV. Fig. 13). In the degenerated area 
the endothelial cells, though retaining their outline, stain very badly 
and, losiug their nuclear stain, appear to be merged into the thickened 
wall of the capillary vessel (Plate IV. Figs. 1 3  and 14). Though 
numerous fairly well-stninecl nuclei may be seen, few of them belong 
to the liver cells, in which the nuclei along with the remaining fragments 
of protoplasm are very imperfectly stained. Here and there, lying in 
the vascular channels, may be seen small accumulations of leucocytes 
or lymphocytes in some of which the nuclei are fragmented (Plate 
111. Fig. 12, and Plate IV. Fig. 14). These leucocytes, a few 
endothelial cells, and one or two persisting liver cells are the only 
structures in which stained nuclei can be seen, though a number of 
fragments of nuclear substance, stained and unstained, may be seen. 
Even the nuclei of the liver cells are, in many places, seen to be 
undergoing pyknotic disintegration. Contained within the capillaries, 
growing into their thickened walls and sometimes grouped as though 
they had been contained in a liver cell, are enormous numbers of 
plague bacilli, a few of which appear to be adherent to the surface 
of the KupfTer cells, whilst others have been taken into their substance 
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(Plate 111. Fig. 13). Except where the liver cells are completely 
broken down, few plague bacilli are seen in their substance, unless 
they have made their way into the sinusoids of the cells (Plate 111. 
Fig. 9). A very characteristic feature in this condition is a translucent, 
thickened membrane which seems to form a kind of basement membrane 
between the capillary and the liver cells where the latter are present, 
and a kind of network where they have disappeared. In the somewhat 
larger branche8 of the hepatic vein, the endothelial lining cells are 
swollen, but their nuclei are still distinct. Here, too, the subintimal 
connective tissue has absorbed a considerable amount of fluid and is 
greatly thickened ; it appears to be in a condition of ‘‘ hyaline ” de- 
generation. Many of the endothelial cells are detached and are 
embedded in a clot made up of granular fibrin, a large number of 
disintegrated red blood corpuscles, and a few normal corpuscles. At  
a few points, taking the place of the disintegrated liver cells, are 
small accumulations of mononucleated hyaline cells and polymorpho- 
nuclear leucocytes (Plate 111. Fig. 12). Here plague bacilli are 
fairly numerous. The large hyaline cells, some of them possibly 
Kupffer’s cells, appear to be undergoing division, but in some of 
the mononucleated cells the nucleus is dead and in hzematein and 
van Gievon stained specimens the protoplasin of the cell has taken 
on one shade of yellow and the nucleus simply a deeper shade. 
The larger blood vessels, both portal and hepatic veins, are filled with 
blood clots containing an enormous number of bacilli ; many dead or 
dying leucocytes (as evidenced by their staining reaction) may be seen, 
along with a certain number of leucocytes which still retain their 
staining capacities. The branches of the hepatic artery also con- 
tain blood clots, but a smaller number of bacilli, many of them ad- 
herent to the lining endothelial cells, which may be detached, me 
usually granular and often vacuolated, and may no longer take on a 
nuclear stain. In the small bile ducts, the epithelium appears to 
separate from the underlying membrane rather more readily (1  fluid 
present) than usual, and there is a curious opening up of the connective- 
tissue spaces in the outer portion of the wall of the duct. Similar 
distension of the tissue spaces may be seen everywhere in the con- 
nective tissue. A finely granular cast, devoid of pigment, occupies the 
lumen in some of the bile ducts. 
The capillary vessels are often separated by distinct spaces from the 
liver cells ; in these spaces very few bacilli are found, though in the 
capillaries themselves the bacilli may be numerous. The spaces appear 
to result from edema, an accumulation of fluid around the capillary 
and between it and the liver cell corresponding to the similar accum- 
ulation in the connective tissue of the wall of the bile duct and 
around the epithelium within the basement membrane of the bile duct. 
The coagulation of the blood within the vessels and the formation of 
ante-mortem clots correspond very closely to the similar conditions 
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noted in the capillary vessels of the lung. Here, again, the masses of 
bacilli are so dense that in an unstained preparation they appear almost 
like fibrinous clots embedded in the mass of red blood corpuscles, 
although there is little fibrin present. 
In the second liver, in which the changes are less advanced, there 
is intense congestion throughout the whole capillary system, more 
marked, however, a t  one or two points ; there is also imperfect staining 
of the liver cells, with great exaggeration of this feature, in areas 
which are evidently minute necrosed patches, the result of an acute 
degeneration of a little area of liver cells ; there is a slight increase of 
nuclei, principally of leucocytes, in some of the interlobular fissures 
and spaces. 
In  the portal vein are clots, some of which consist of masses of red 
blood corpuscles, others of homogeneous coagula in which are a few 
bacilli ; in the margins of these coagula and still within the vessel are 
little groups of leucocytes, between and around which numerous bacilli 
may be seen. The endothelial cells of the large vessels are exceed- 
ingly granular, and a t  one or two points they appear to be prolifer- 
ating ; on them leucocytes accumulate in considerable numbers. The 
connective-tiseue fibrils beneath the endothelium are greatly swollen, 
and between them leucocytes may be seen pushing their way. Here, 
as in the larger vessels of the lung, the bacilli are very numerous. 
I n  the hyaline-looking clots many ‘‘ shadow ” nuclei-nuclei very im- 
perfectly stained-may be seen lying between the more prononncedly 
stained nuclei. These shadow nuclei are swollen and vesicular and 
show but a slight trace of reticulum I n  the congested capillaries, 
bacilli single or in small groups are present. In these same capillaries 
are IC giant cells ” which appear to result from proliferation and vacuol- 
ation of the nuclei of a series of endothelial cells, the protoplasm of 
which has run together to form a protoplasmic mass. Small ac- 
cumulations of polymorpho-nuclear leucocytes and of lymphocytes, 
with one or two large hyaline cells, may also be found in the capil- 
laries ; indeed, taking the section as a whole, these stained leucocytes 
in the capillaries are considerably more numerous than in a normal 
liver (Plate 111. Fig. 12). The lymph spaces in the connective tissue- 
which in this case is increased in amount, quite apart from the plague 
-are greatly dilated as though the tissue were edematous, but there 
appears to be some recent proliferation of the cells lying between the 
bundles of collagenous fibrils. I n  the vessels of this connective tissue 
are a few bacilli, hut they are by no means such a prominent feature 
as in the portal capillaries. 
Special attention has been drawn to the small areas of badly 
stained degenerated liver tissue. Here the whole of the liver cells are 
imperfectly stained, and even under a low power the tissues have a 
curious woolly look, have lost their sharp outlines, and their nuclei stain 
badly. I n  these degenerating areas, contrary to what would be 
HISTOLOGY OF PNEUMONIC PLAGUE. 19 
expected, the number of bacilli is small, only a few isolated organisms 
being found in some of the clots in the capillaries, although they may 
be exceedingly numerous in some of the capillaries in the immediate 
neighbourhood of the dead masses. Throughout the section the hepatic 
cells are in an advanced state of cloudy swelling ; in many cases it is 
very difficult to make out the nucleus, and, where present, it is swollen 
and vacuolated. There is no evidence of the presence of fat in the 
swollen granular cells, and as a rule no bacilli can be detected in the 
substance of the cell, though in some of the preparations there appears 
to be great dilatation of the sinusoids, whilst the bile capillaries are 
distended with a clear colourless fluid, and the central lumina of the 
capillaries stand out much more clearly than they do in a normal liver. 
Around some of the nuclei in the liver cells is a clear " court," formed 
by a series of vacuoles within the protoplasm, arranged in a circle 
around the nucleus. This is certainly not due to recent fatty infiltra- 
tion. Towards the periphery of the lobule the structure can be made 
out more easily than nearer the centre, and here and there, along 
with the cloudy swelling, is distinct vacuolation of the cytoplasm of 
the hepatic cells, corresponding apparently to the vacuolation seen in the 
parenchymatous cells of livers taken from cases succumbing to other 
mute infective fevers, though this may indicate an earlier fatty infiltra- 
tion of the liver cells. The granular and vacuolated structure of the 
liver cells, the disintegration by fragmentation, and the imperfect 
staining of the nucleus are very well brought out by the haematein and 
van Gieson stain, as is also the vacuolation of the nucleus ; in some 
cells several vacuoles are seen, in others a single large vesicle with frag- 
ments of chromatin pushed to the periphery. The cytoplasm of many 
of these cells resembles a mass of foam (Plate 111. Fig. 12). One or 
two bacilli may be seen apparently invading the sinusoids, and even in 
the bile ducts, but this is not of frequent occurrence. 
In the connective tissue in the portal spaces, as in other new con- 
nective tissue, the edematous condition is well marked, large clear 
spaces, in which few bacilli can be seen, standing out very prominently. 
Here too, and around the bile ducts, there is a slight increase in the 
number of connective-tissue nuclei. The capillaries are enormously 
dilated. 
Where the epithelium usually lining the capillaries has been 
detached, bacilli appear to  be adherent to a kind of basement membrane. 
The endothelial cells of the capillaries are often imperfectly stained, 
their nuclei are obscured and badly stained, their protoplasm cloudy 
and vacuolated. Sometimes, however, the endothelium still stands out 
very distinctly, Here again the hyaline clots appear to contain an 
enormous number of plague bacilli embedded in a clear homogeneous 
coagulum. In the immediate neighbourhood of these clots the red 
blood corpuscles run together, forming hyaline, orange-yellow masses. 
The blood platelets and masses of red corpuscles in these hyaline 
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clots undergo very considerable modification as regards their s taining, 
and instead of an orange-yellow they take on a distinct pink tinge. 
Swollen, and either single or in hyaline masses, they form a very 
characteristic feature. They appear to have been acted upon directly 
by the fluids in  which the bacilli are multiplying. In this case the 
multiplication may be post-mortem, as this liver has not been so well 
preserved as have most of the other specimens. No fibrin is to be seen 
in any part of the section. Many pairs of nuclei are seen in Kupffer’s 
cells near the margin of the lobule, where there is a, great accumulation 
of proliferating endothelial cells. 
SPLEEN. 
There seems t o  be some little difference of opinion as to the changes that 
take place in the spleen. Childe (1898, 1900 ”, for example, states that in the 
pneumonic form of plague, the spleen is less engorged and has fewer 
hiemorrhages than the spleen taken from patients suffering from bubonic 
plague ; whilst Flexner (1901 lo), Aoyama (18953), and Wilm (189723) all 
describe the spleen as being gent ly  enlarged, from 2 to 5 times the normal 
size, deeper red in colour, the pulp swollen, soft, hypersmic, and cedematous 
(Flexner). Sometimes, according to Wilm, the pulp may be harder than usual 
Hzmorrhages under the capsule and into the pulp tissue are described by 
Childe (1898, 1900 5, Aoyama (1895 9, Wilrn (1897 2y), Lustig and Zardo 
(1897 IT), and Strong, Crowell, and Teague, who point oiit, further, that 
the congestion is spccially well marked at the immediate periphery of the 
lymphoid follicles. The bfalpighian bodies are said to be affected differently 
in the two forms of plague. l‘lexner, Aoyania, and Wilm describe them in the 
bubonic form as being cnlarged or hyperplmtic, both as regards endothelial and 
lymphoid cells, through multiplication of the cells of the lymphoid cords or 
follicles (Malpighian bodies), whilst Strong, Crowell, and Teague maintain that 
in the pneumonic form these lymphoid follicles are for the “most part both 
relatively and absolutely small and seldom show any signs of proliferation.” 
The latter observers say that the bacteria in these follicles are scarce and that, 
although there is swelling of the entlothelial cells, there is little evidence of 
multiplication. Flexner describes hyaline changes in the walls of the arteries 
of the Malpighian bodies, and a cellular proliferation in the eubintimal 
layers of the veins. He also describes leucocytes attached to the inner wall 
of the vessol, sometimes appearing to cause detachment of the endothelial 
cells ; rarely is there any phagocytosis. Bacilli, he says, occur specially in the 
pulp, attaching themseives to the reticulum, and growing in irregular masses 
iuto the venous sinuses; they may occlude small blood vessels and lymph 
spaces, and are so numerous and accompanied by so little reaction of the tissues 
that he is led to suggest that many of them have made their appearance after 
the death of the patient. Flexner, Yamagiwa, Albrecht and Ghon, Hamdi, 
and Strong, Crowell, and Teague all describe necrotic patches, the last, who 
describes a small reddish-white infarct 4 mm. in diameter, associating this 
Albrecht 
and Ghon, however, maintain that the source of the histological changes 
in these foci lies in the infiltrating cells, as, under their infiuence, necrosis of 
the wall of the capillary vessel takes place, often with a peculiar running 
together or coagulation of the tissue of the walls of tho blood vessel, of the 
blood, and of the breaking-down cells in the immediate neighbourhood. 
In  our cage the  spleen was acutely congested, and the Malpighian 
bodies, though relatively smaller, were actually larger than normal. 
a condition with the small hemorrhages that are here met with. 
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They etood out fairly distinctly from the deep red background of the 
pulp tissue. On microscopic examination, the fibrous trabeculae and the 
capsule are swollen and edematous-looking, clear spaces appearing in 
all the fibrous tissue. The central artery of each appears to occupy a 
greater area than usual (Plate 111. Fig. lo),  apparently because of 
the great hyaline swelling of its walls, especially the intima, in which 
are large vacuoles. The endothelium lining the vessel is swollen, 
cloudy, and somewhat imperfectly stained. Around, and in the 
immediate neighbourhood of these vessels, large open spaces, evidently 
filled with clear fluid, give the adventitia a very characteristic appear- 
ance. The reticulum of the adenoid tissue stands out very prominently ; 
its strands are swollen and the meshes of the network enlarged, the 
lymphocytes are numerous-more numerous than usual-but do not 
crowd or fill up the reticulum completely, and the whole tissue looks 
much more open than normal adenoid tissue. Few red blood corpuscles 
are seen in the vessels of the Malpighian body, except at its extreme 
margin. As soon aa the pulp tissue is reached, however, the sinuses are 
seen to be enormously distended, and the usually delicate reticular 
framework of the pulp now stands out as thick hyaline or slightly 
granular bands lying between masses of red blood corpuscles. The 
sinuses, both arterial and venous, are greatly enlarged and filled with 
red blood corpuscles, a few detached endothelial cells,and a number of 
polymorpho-nuclear leucocytes. The endothelium lining the spaces is 
distinctly swollen, often vacuolated, and a t  points even proliferating. 
The nuclei of these endothelial cells stain imperfectly. Around the 
nucleus there may be little groups of vacuoles similar to those seen in 
other cells, the nucleus being cut off, except by very fine strands, from 
its cell protoplasm. The swollen strands of the reticulum appear to 
have absorbed a large amount of fluid. So-called giant cells (little 
more than a mass of cells, of which the protoplasm has run together, 
but not the nuclei) are seen. No fibrin can be made out in any part 
of the spleen. 
There is pyknotic degeneration of the nuclei of some of the cells 
lying in the sinuses, especially where the bacilli are numerous. The 
walls of the smaller nutrient arteries are distinctly hyaline. In the 
central vessel of the Malpighian body the nuclei of the endothelial 
cells are very badly stained and distinctly vesiculated. Vacuoles 
appear in the connective tissue of the intima between the fibrils and 
in the nuclei of the cells, but here no plague bacilli are seen. Many of 
the lymphoid cells lying in the reticular spaces of the Malpighian body 
contain vacuoles. As we come near the margin of the adenoid sheath, 
a few bacilli are found ; and then in the pulp an enormous number of 
plague bacilli may be seen lying on the swollen trabeculz, especially 
when the sinuses are reached. Here a number of bacilli are seen lying 
free, sometimes in a hyaline-looking material similar to that seen in the 
blood vessels of the liver and lung, but now and again isolated. Here 
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also some of the red blood corpuscles appear to be so altered that they 
take on a pink tinge ; this, however, is not nearly so marked as in the 
intravascular coagula in the liver. Sinall areas of badly stained tissue- 
focal necroses-appear wherever large numbers of bacilli are concen- 
trated, but how far this is a post-rnortem condition it is difficult 
to say. 
The most interesting features prevented are the swelling and 
vacuolation of many of the endothelial cells in the sinuses, the bacilli 
making their way from the lumina of the larger vessels into a softened 
swollen intima, in which there appears to be cell proliferation and 
infiltration with polymorpho-nuclear leucocytes, and the pyknotic 
changes where the bacilli are nunierous ; the invasion of endothelial 
cells by large numbers of bacilli, the strings of bacilli adherent to the 
walls of the sinuses where the epithelium has been detached ; and the 
pyknosis and extreme vacuolation of these separated cells. 
In addition to  these, large marrow-like giant cells which do not 
take up other cells or bacilli, others, several times the size, which 
appear to have ingested degenerated leucocytes but no red cells, may be 
found in the clots in the sinuses. 
In the small Malpighian bodies the bacilli appear to be more 
numerous, especially where the blood vessels and capillaries are dilated, 
but they are never so numerous LW in the pulp tissue. 
Some of these also contain bacilli. 
KIDNEY. 
Childe, reporting on cases of pneumonic plague, mentions that the kidney, 
like other organs, resembles the corresponding organ taken from cases of the 
bubonic form, I‘ except that the general engorgement and hsmorrhngc are 
less marked,” that large hremorrliages are usually absent, but that engorge- 
ment and petechiae may be found in the pelvis of the organ; that it is en- 
larged, the capsule stripping off easily and showing petechial hlemorrhages iu 
the pale, soft, degenerated parenchymatous tissue beneath. The vense stellatae 
are very visible (Aoyama). The cortex appears to be somewhat thickened 
(Aoysma, Wilm). Strong, Crowell, and Teape  describe the outer surface 
of the kidney after removal of the capsule as presenting a red granite-like 
appearance due to the standing out of the deeply injected vcssels against the 
pale grey or yellowish parenchyma of the organ. They also mention that 
“ the glomeruli were frequently swollen and often appeared as fine, reddish, 
pin-point-size areas. Petechire were frequently seen in the pelvis and upper 
portion of the ureters.’J Although this is not explicitly stated, these observers 
evidently noted swelling of the cortex. 
Most observers seem to agree that after congestion, cloudy swelling of the 
epithelium of the convoluted tubules is by fnr the most common histological 
feature presented in the kidney. Some cloudy swelling of the epithelium 
in thu straight tubules is also described. Patty degeneration also occurs 
(Aoyama, Wilm, Strong, Crowell, and Teague, and Fujinami.) Hamdi describes 
the contents of the urinary tubules as “mostly a reticular coagulated mass 
and hyaline cylinders,” resulting from breaking up of the protoplasm of the 
degenerated cells. The nuclei in these cells stain very imperfectly (Aoyama, 
and those who describe cloudy swelling). Yamagiwa mentions that the lumina 
of many of the urinary tubules are plugged with granulated cylinders, hut 
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Aoyama and Hamdi describe hyaline cylinders in this position, and Strong, 
Crowell, and Teague a coagulated fluid exudate or transudate as being of not 
infrequent occurrence. Unchanged blood or red blood corpuscles are also 
said to be present in the urinary tubules, often accompanied by clumps of 
bacilli. Most of those who have made careful examination of the kidneys in 
these cases of pneumonic plague, describe changes in the glomeruli, and it is 
evident that both in bubonic and pneumonic plague the alterations are due to 
a secondary septicaemia, rather than to any peculiarity of the type of plague 
that is under consideration. Engorgement of the vessels of the glomeruli is 
always present ; and apparently coagulation of the blood, accompanied, 
possibly, by a coagulative necrosis of the cellular walls of these vessels, takes 
place, this corresponding to the condition of cloudy swelling or granular 
degeneration met with in the epithelium of the convoluted tubules. This 
coagulation of the blood is specially insisted upon by Aoyama and Albrecht 
and Ghon, who mention that the coils of the glomeruli may, in places, be 
homogeneous, vitreous, and dilated; and that they may be transformed into 
bands, which consist of trabeculae or thread-like coagulations-indeed, they 
describe a coagulation not only of the tissues, but of the fluids of the tissues, 
and of the vessel elements themselves. Aoyama describes a multiplication of 
the nuclei of the glomeruli, but Strong, Crowell, and Teague pass over this 
and insist rather on the degeneration of the epithelium covering the glomerular 
tufts, following Aoyama in so far that they describe a fluid exudate aa present 
in Bowman’s capsule, and also in stating that this space is often filled with 
desquamated cells or with a granular exuded mass. Strong, Crowell, and 
Teague are the only observers who confirm Herzog(lsg)in describing fibrin thrombi 
as occurring in the glomeruli. Hamdi states that the changes in the interstitial 
tissue of the kidney are slight, but Aoyama and Strong, Crowell, and Teague 
mention a separation of the connective-tissue fibres and put it down to an 
edematous condition. The vessels in this interstitial tissue are described by 
them as “greatly dilated.” All observers who mention the bacilli at all, 
describe them as present in the interstitial tissue, in the glomerular vessels, 
and in both convoluted and straight tubules, especially in the latter, where 
the amount of blood is usually greater than in the convoluted tubules. 
We found the capsule of the kidney slightly thickened, apparently 
the result of separation of the lamina by edematous fluid. The walls 
of the arterioles are somewhat thickened and hyaline ; many of them 
are distended with clot, made u p  partly of red blood corpuscles, partly 
of the same hyaline material seen in the vessels of other organs ; the  
intirna is thickened and hyaline. The Malpighian bodies (Plate IV. 
Fig. 15) are considerably enlarged, owing (1) to congestion of the 
capillary loops, and (2) to a thickening of the walls of these vessels 
and of the  tissue between them, in  which there seems to  be some 
slight increase in the number of nuclei. Even with a low magnifica- 
tion, a homogeneous-looking exudate, partially filling the space between 
the glomerular tuf t  and Bowman’s capsule, is seen in some of the  
Malpighian bodies. Throughout the section, the basement membrane 
of Bowman’s capsule i p  swollen and looks as though it had absorbed 
fluid ; the well-preserved endothelial lining of the capsule, composed of 
an almost continuous layer of swollen cells, has separated from the 
swollen capsule. 
The nuclei lining Bowman’s capsule are very distinctly stained 
and appear in some cases to be undergoing division, as do also similar 
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cells covering the capillary loops. In  the capillaries iu the tuft a few 
bacilli may be seen adherent to the endothelial wall (Plate IV. Fig. 15). 
The clot in the large vessels consists of a granular mass, in which may 
be seen colourless shadows of red blood corpuscles. Examining one of 
the clots carefully, a large mononuclear leucocyte with iuperfectly 
stained nucleus and a large vacuole in the protoplasm may be 
seen in the centre, and scattered through it are some half-dozen 
isolated bacilli. In the intertubular capillaries the congestion is very 
marked. The endothelial cells lining these capillaries are often 
swollen and vacuolated, and the basement membrane thickened and 
prominent. I n  the finer capillaries, groups of bacilli may be seen, 
usually adherent to the endothelial wall. In the capillary loops, 
owing to the swelling of the basement membrane, the intima has a 
much coarser appearance than in the normal Malpighian body. 
Wherever there is exudation in the Malpighian body, the cells lining 
Bowman’s capsule show a large nucleus, and the cytoplasm is granular 
and swollen (Plate IV. Fig. 15). The nuclei of a few of these 
cells take on no nuclear stain; they are of the same tint as the 
cell protoplasm. The changes in the epithelium of the convoluted 
tubules are very characteristic. In  a few tubules there is simply 
enormous enlargement and great granularity of the cytoplasm of 
the large epithelial cells ; in others, the granular protoplasm is dis- 
tinctly vacuolated (Plate IV. Fig. 1 6 )  ; in others, again, there ap- 
pears to be little more than n network of granular protoplasm, 
with, here and there, a nucleus more or less altered ; whilst in some 
of the tubes there are simply a few granules and a few iiuclei to 
which are attached minute portions of cell protoplasm. All this 
results apparently from the extreme swelling and vacnolation of the 
cells, followed by rapid disintegration of the cytoplasm. Although 
the bacilli are fairly numerous immediately under the basement 
membrane of these tubes-that is, iu the capillaries-we were uuablc 
to find any bacilli in the tubules in which this rapid and extreme 
disintegration was going on. Careful search was made for the 
presence of red blood corpuscles iu these convoluted tubules, but none 
were observed ; they certainly cauuot be numeroiis even in the lower 
part of the collecting tubules. I n  the looped tubules of Henle, the 
more or less cubical epithelium is but little altered. I n  the collecting 
tubules there is cloudy swelliug of the cubical epithelial cells, or even 
some disintegration of the protoplasm. In  these tubules, too, are 
little collections of granular golden-brown pigment, which can only 
be derived from red blood corpuscles. Here, again, there is marked 
swelling of the basement membranes of the tubules, whilst the 
nucleus of the epithelium is, in a large number of cells, alniost 
surrounded by a free space, though very delicate threads may be seen 
passing from the margin of the nucleus to what looks like a delicate 
cell wall. These are evidently “ dropsical ” cells which ultimately 
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break down, and only a few granules and the free nucleus above 
described remain. In  the lower part of some of the tubes the nuclei, 
with small fragments of cytoplasm attached, have accumulated and 
formed casts which might easily be taken for giant celle, but they are 
distinctly within the tubes. The degeneration of the endothelial cells 
lining Bowman's capsule appears to take the form of great enlarge- 
ment, cloudy ewelling of the protoplasm, and impaired staining of the 
nucleus. Even in some of the connective-tissue cells in the glomerular 
tuft, vacuolation is observed around the nuclei of the connective- 
tissue or endothelial cells. It is rather extraordinary that with such 
intense congestion there should be so little evidence of hsmorrhage 
into the tubules. In  one 
or two of the medium-sized veins, as in the veins of other organs, one 
has an almost pure culture of the plague bacillus. 
Here and there hyaline casts may be seen. 
GENERAL REMARKS. 
The histology of these specimens appears to us to be of special 
interest in that it  affords evidence of the presence of an extremely 
acute septicaemic condition. The heart, with the vitreous condition of 
the muscle and the comparatively slight degree of cellular prolifera- 
tion, has evidently been affected by very active toxins. In the liver, we 
have typical examples of the lesions produced by specific infective 
micro-organisms that give rise to toxic substances ; the swelling of the 
parenchymal cells, the cloudy swelling, the vacuolation, the rapid disin- 
tegration of the cytoplasm, the vesiculation of the nucleus, and the hyaline 
swelling of basement membranes all pointing in the same direction. The 
epithelium of the kidney, granular, vacuolated, and disintegrated, and 
with its altered nuclei, is modified by a similar toxic activity, the toxin 
being excreted by the epithelial cells and in a lesser degree in the 
fluids that pass out from the capillaries of the glomerular tuft into the 
capsule. All the basement membranes are swollen. In the spleen 
the principal changes are in the walls of the central artery of the 
Malpighian body, in the reticulum of the highly developed adenoid 
sheaths of this vessel, and in the lining endothelium and basement 
membranes of the splenic sinuses. I n  all these positions, rapid and 
marked changes have taken place, such as would in any other infective 
disease at  once be amibed to a septicaemic condition. 
In the lungs, the lesions are far less marked than one would 
expect, were the pneumonia the main or most important factor in the 
disease. It is obvious, of course, that the pneumonia is lobular in 
type and that it differs very materially from the pneumonia set up by 
Diplococcus pumoniLa, which was never found in any section stained 
by Gram's method. The greater part of the lung tissue is cedematous, 
a condition which, from the histology and from the symptoms as de- 
scribed by those who examined the patients in the epidemic during 
26 WU LIEN-TEH AND G. SZhlS WOODHEAD. 
which these specimens were collected, appears to have arisen at a later 
date than the catarrhal pneumonia, though this may not apply to the 
bronchitis, a characteristic feature in the case under examination. It 
would, of course, be foolish to found any general argument on obser- 
vations made on one or two cases, but it appears to us that here at any 
rate there has been an acute bronchitis, induced, perhaps, by a large 
dose of the plague bacillus, and that along with this, there has been 
some collapse and catarrhal pneumonia, especially as, in the immediate 
neighbourhood of the collapsed and catarrhal patches, some of the 
alveoli are distended and emphysematous. From these catarrhal 
pneumonic patches, the B. pestis, the exciting cauee of this local disease, 
has passed into the lymphatics and so to the capillaries in the alveolar 
walls, and a septiccemic condition has been set up. Following this, 
the bacilli have been inhaled from the bronchial tubes into other 
alveoli, and there multiplying, have not set up any cellular reaction, 
but have induced a *marked edema, the bacilli with their poison in 
the circulating blood counteracting the positive chemiotaxis and cell 
reaction that would otherwise have occurred in the air vesicles. We 
have, in fact, a repetition of the conditions met; with in malignant 
edema, when the malignant cedema bacillus is injected both into the 
muscle substance and into the vein. This, we think, accounts, in the 
case under review at any rate, for the lack of coagulated fibrinous 
lymph, not only on the surface of the lung, but also in the alveolar 
spaces ; it also accounts for the lack of fibrin in the other organs, the 
septicaeuic condition interfering with the passage of leucocytes from 
the vessels. The exudate resembles that of passive cedema rather 
than that of an acute inflammatory exudation. 
Our invcstigatious seem to us to point to the suggestion that in 
the Manchurian outbreak the amount of the infective material gaining 
access to the upper respiratory passages-to the tonsils, fauces, etc.-is 
of prime importance in determining the character of the septicemia, 
-for we are satisfied that this is a septicemia or bacteraemia 
resulting from a pulmonary infection. I n  warm countries where the 
people live in the open and where the facilities and channels by 
which infection is communicated appear to be those provided by rats 
and fleas, aud where the plague material is carried more or less directly 
from one patient to another, or from the rat, by the flea, to the 
human subject, the local reaction of the tissues and the bubo may 
prevent the extension of the bacteria, especially if the dose be 
small and the septicaemic condition occurs at a comparatively late 
stage ; whilst if there is good reaction of resisting tissues, the disease 
may never become septicemic. If, however, the septicaemia once de- 
velops, it is evident that the internal organs are affected much as in 
the pneumonic form of plague. I n  Manchuria, where plague was a t  
its height in the depth of winter, the facilities for the inhalation or 
ingestion of large numbers of plague bacilli were far greater than they 
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can possibly be in warin countries where people live " in the open." The 
patients, residing in badly ventilated houses, closed because of the intense 
cold, and heated artificially, are living in highly infected iucubators of the 
most approved kind. Septicsmias are rapidly developed, and although 
the lung might in a certain proportion of cases be the primary seat of 
infection, the late lung symptoms-smaller or larger areas of dulness, 
rales, only shortly before death (if coarse rilles are heard it is looked 
upon &D evidence that the patient is not suffering from pneumonic 
plague), Edema, bacilli in large numbers in the sputum-observed, seem 
to point to the occurrence of a secondary pneumonia in a certain propor- 
tion of the cases examined clinically. To explain the differences of 
opinion a8 to the importance and meaning of certain histological findings 
is dificult, though it may be suggested that the pleuro-pneumonia with 
a fibrinous lymph observed in certain cases may indicate the presence 
of a primary pneuniouin in which there has been a massive infection 
by massive doses, whilst the catarrhal pneumonia with bronchitis fol- 
lowed by cedema appears to suggest a pneurnonic condition following a 
septicaemia. Should we be able to obtain more material for examina- 
tion, we hope to return to this question. 
Although it is probable that the B. pestis multiplies in various 
sites, but especially in the vessels, after death, and even whilst the 
patient is dying, it is evident that during life there must be an 
enormous multiplication to produce such a virulent septicclemia aa that 
indicated by the lesions observed. We cannot but feel that during 
the earlier stages of the disease the tissues and tluids of most patients 
must exert a very active bactericidal action, and that the disease was so 
intensely fatal in the Manchurian epidemic, and the patients succumbed 
because the dose of infective material was alwayR massive and entered 
by ever open and slightly resistant portals. It may very well be that 
during an epidemic of bubonic plague a considerable number of patients 
may be actively immuuised by small doses of bacilli introduced by 
bruises or punctured wounds, however made and infected. This, we 
think, must account for the sharp line of demarcation, il[) regards 
susceptibility, that exists between patients living under conditions 
unfavourable to massive infection and those living under conditions in 
which they are exposed more or less continuously to massive doses of 
theinfective agent. It would appear that when the massive dose has 
been taken, the prognosis is bad, unless in the meantime there has 
been some reaction of the tissues, as a result of which an active 
immunity has been gradually developed. In the case of the bubonic 
plague, the advance of the bacillus is so interfered with that not only a 
local, but a general immunity may be acquired before the bacilli can 
reach the blood in any considerable numbers, whilst in the case of 
infectious by the lungs or naso-pharyngeal regions, the local reaction 
and resistance being comparatively slight and the dose of infective 
material large, the septicsmic condition is very rapidly produced, in 
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many cases before there has been time for the development of any but 
the earlier typical changes associated with pneumonia. 
We wish here to thank Mr. H. C. Oillings for the care with 
which he has made the drawings accompanying this article ; Mr. E. E. 
Stubbings for the preparation of a number of the specimens; and 
Mr. F. G. Binnie and Miss Evelyn G. Fox for help in checking 
references to literature and in getting the paper through the press. 
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DESCRIPTION OF PLATES I.-IV. 
PLATE I.
Fras. 1, 2, and 3 shined with Giemsn’s stsin. 
Fro. 1.-Section of kidney. ( x  250.) 
a. Point of entrance of afferent arteriole to glomerulus. 
b. Plague bacilli lying in capillary vesaels. 
c. Loop of congested capillary tuft. 
basement menibrane of capillary wall. 
d. Swollen endothelial cells lining the capillary vessel. 
c. Swollen cells lining Bowman’s capsule. 
f. Swollen basement membrane of Bowman’s capsule. 
Note accumula- 
tion of leucocytes. 
Note swelling and thickening of 
g and i. Granular remains of cloudy and vacuolated columnar epithelial cells 
h. Granular debris and red blood corpuscles in convoluted tubule. 
k. Swollen basement membrane of convoluted tubule. 
lining a convoluted tubulc. 
FIG. 2.-Section from boundary zone of kidney. ( x 250.) 
a, a’. Congested vessels in one of which plague bacilli are very numerous ; 
in others they are situated on the endothelial cells lining the vessel. 
b. Disintegrating epithelium similar to that seen in the conroluted 
tubules near the surface of the cortex. 
c. Bacilli referred to under a‘. 
d, d. Swollen basement membranes of tubules and capillaries. 
FIG. 3.-Section of spleen. ( x 200.) 
a. Central vessel of Malpighian corpuscle ; swollen fibrillar tissue with 
6. Endothelial cell imperfectly stained. 
c. Swollen and vacuolated lymphocytes. 
d. Swollen trabeculae between small sinuses a t  margin of eorpuscle. 
c. Arterial sinuses filled with red blood corpuscles. 
f. Swollen trabeculae on which lie enormous numbers of bacilli. 
g. Badly stained nucleus of (?) endothelial cell. 
interfibrillar spaces (0  filled with fluid). 
To 
these, numerous plague bacilli are adhcrent. 
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FIQS. 4 and 5 stained with van Gioson’s stain. 
FIG. 4.-Section of liver. ( x 8‘3.) 
a. Central vein. 
b. Portal vein. 
c. Granular debris of liver cclls in central and intarniedinte zones of tho 
d. Swollen basement membranes and capillary walls. 
E .  Liver cells at the periphery of the lobule in a condition of cloudy 
f. Increased uumber of polymorpho-nuclear leucocytes in groups. 
lobule lying between. 
swelling and vacuolatiou. 
FIG. 5.-Section of heart muscle. (x 1000.) 
a, a. Normal muscle fibre. 
b. Cloudy and hyaline or “vitreous” swelling. 
c and d. Fractured “ vitreous” fibrc. 
PLATE 11. 
FIGS. 6, 7, and 8 stained with hwmatein and van Gieson’s stain. 
Fie. 6.-Same section of liver as Fig. 4, from near centre of lobule. ( x 1000.) 
a. Swollen wall of poi-tal capillary. 
b. Granular and vacuolated liver cells. 
c and 8. Masses of plague bacilli in portal capillary. 
d, d. Cells in earlier stage of cloudy swelling. 
c. Polymorpho-nuclear leucocyte. 
f. Large space from which granular livcr tisvue has fallen away. 
h. Group of polymorpho-nuclear leucocytes. 
i. Bed blood corpuscles. 
a. Swollen, grauular, and vacuolated liver cells. 
c. Endothclial cclls-KupRer’s cells-containing bacilli. 
d. Similar cell in which nucleus is dividing. 
c. Polymorpho-nuclear leucocyte. 
f. Large vacuole in livcr cell, apparently not fat. 
Fro. 7.-Same section as Fig. 4, from near the periphery of the lobule. ( x 1000.) 
b, b. Swollen membranes of capillary walls. 
FIQ. 8.-Sanie section as Fig. 4. ( x 300.) 
a. Periphery of the lobule; liver cells swollen, cloudy, and VBCUO- 
b. Disintegrating liver cells in the intermediate zone. 
c. Swollen capillary wall. 
d. Mass of plague bacilli. 
f. Svollen capillary walls near the centre of the lohile. 
9. Red blood corpuscles. 
h. Proliferating endothelial cells-Kupffer’s cells. 
lated. 
c, E. Groups of polymorpho-nuolear leucocytes. 
PLATE 111. 
FIQS. 9, 10, and 11 stained with Giomsa’s stain. 
F I ~ .  %-Section of bronchial mucous membrane and submucous tissue. ( x go.) 
a. Swollen basement membrane. 
b. Peg-top shaped and rounded cells resulting from rapid proliferation of 
c. Dilated vessels. 
d. (E;dematous connective tissue. 
the epithelial cells. 
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FIG. lO.--Section of lung. ( x  300.) 
a. Collapsed alveolar space. 
b. Swollen basement membrane, which looks as though it had absorbed 
c. Large epithelial cell containing ingeated plague bacilli and carbon 
d. Congested and dilated capillary vessel. 
C. Air vesicle distended with coagulated albuminous fluid. 
f. Plague bacilli a t  periphery of this alveolus. 
g. Thickened wall of capillary vessel. 
fluid. 
pigment. 
FIG. 11.-Section of lung. ( x 1000.) 
a. Large mononuclear hyaline cell containing ingested plague bacilli. 
b. Red blood corpuscles in congested capillary vessel. 
c. Swollen basement membrane. 
d. Plague bacilli adhering to swollen basement mernlnw-ie from which 
epithelium has become detached. 
FIG. 12.-Section of lung stained with haematein and van Gieson’s stain. ( x 340.) 
a. Homogeneous coagulated albuminous fluid in which are 
b. Spaces. 
c. Phagocytic hyaline mononuclear cell containing carbon pigment. 
d. Congestad blood vessel with swollen and hyaline basement and carbon 
pigment in surrounding lymph space. 
6. Similar pigment in larger lymph space. 
f. Nucleus of endothelial cell. 
9. Polymorplio-nuclear lcucocyte. 
PLATE IV. 
FIG. 13.-Section of blood vessel stained with Giemsa’s stain. ( x 1000.) 
a. Swollen intimal fibrils with interEbrillar spaces. 
b. MuRcular coat. 
c. Dividing endothelial cell ( 9 ) .  
d. Large hyaline cell with vcsiculnr nucleus and ingested bacilli. 
e. Red blood corpuscles. 
f. Large hyaline cell. 
g. Polymorpho-nuclear leucocyte. 
FIG. 14.Section of heart musclestained with hsmatein and van Gieson’s stain. ( x 100.) 
a. (Edematous epicaidial connective tissuc. 
b. The yellow tissue beneath appears t o  consist of altered muscle and 
connective tissue between fibres in which there is some nuclear pro- 
liferation. 
c. Muscle bundles in a state of cloudy swelling. 
d. Hyaline muscle in which large fractnred “vitreous” blocks may be 
e. Distinct traneverse fragmentation of the swollen and “ vitreous ” 
Been. 
muscle Ebres. 
FIG. 15.-Section of liver shined with Giemse’s stain. ( x 1000.) 
a. Granular, vacuolated, and disintegrathg liver cells. 
4. Phagocyte in wall of portal capillary containing plague bacilli 
(? Kupffer’s cell). 
e and d. Bacilli lying free in portal capillary. 
e. Polymorpho-nuclear leucocyte. 
f. Large vacuole in  liver cell. 
32 HISTOLOGY OI; PNEUMONIC PLAGUE. 
FIG. 16.-Section of heart muscle staincd with hematein and van Gicson’s stain. 
a. Proliferating interfascicnlar cells, some degenerating, with badly 
(In original drawing the nuclei vary 
There is evideiiily great 
( x  350.) 
staining pyknotic nuclei. 
much more than in the reproduction.) 
accumulation of fluid in these spaces. 
8. Site of capillary vessel. 
c and d. Cloudy and “vitreous” swelling of muscle fibres. 
e. Capillary vessel with swollen endothelial lining. 
JOURNAL OF PATEOLOQY.-VOL. XIX. PLATE I. 
JOURNAL OF PATHOLOQY.-VoL. XIX. 
JOURNAL OF PATHOLOOY.-VOL. XIX. 
JOURNAL OF PATHOLOGY.-VoL. XIX. PLATE IV. 
